Abstract. Fiber reinforced soil is an effective and reliable technique for improving strength and stability of subgrade soil. Many studies have been conducted to investigate the influence of randomly distribution fiber inclusions in soil. Agricultural waste fiber was chosen as it is cheap, locally available, bio-degradable and eco-friendly. For this study, coir fiber and palm oil fiber will be implemented. Three types of soil with different properties were used to be mixed with both fibers. The present work will be focused on the influence of 1% waste materials into soils in terms of physical, chemical, morphological and mineralogical properties of waste-soil mixture and its relationship to the shear strength properties. Test result indicates that with addition of both fibers, the optimum moisture content (OMC) increased and the maximum dry density (MDD) decreased. Fibers inclusion can significantly decrease and increased the cohesion and internal angle of friction of soils, respectively.
Introduction
Agricultural waste materials are too abundant nowadays due to high demand in food industry and increasing of housing area that lead to clearance of plantation area. Due to this condition, the oil palm and coconut waste will be generated more. If those waste did not have a proper management, it will brings negative impact to the environment. Process of altering some soil properties by different methods, either mechanical or chemical can be defined as soil reinforcement. This is due to produce an improved soil material which has all desired engineering properties. Soil generally been reinforced to increase their strength and durability or to prevent erosion and dust formation in soils. The main purpose of this soil reinforced is to hold under the design use conditions and for the design life of one project. The properties of soil reinforcement totally depend on soil testing.
Addition of fiber may affect the engineering properties of soil in few aspects. Fiber reinforced soil behaves as a composite material in which fibers of relatively high tensile strength are embedded in a matrix of soil. Shear stresses in the soil mobilize tensile resistance in the fibers, which in turn imparts greater strength to the soil. Fibers from agricultural waste materials (coconut coir and palm oil) are chose to be implemented in this study. Discrete fibers are simply added and mixed randomly with soil, like in mixing soil with cement, lime, or other additives [1] . It is more economical both in terms of cost and energy to increase the bearing capacity of the soil rather than going for deep foundation or raft foundation. Inclusion of randomly distributed fiber makes the soil mass homogenous and maintains the isotropy in strength [2] . According to [3] and [4] , the used of coir fiber is very cost effective compared to other material in construction area such example in slopes and bunds. In addition, inclusion of fiber only changes the physical properties of soil and has no impact on the environment. The introduction of reinforcing elements in a soil mass increases the shear resistance of the medium [5] . Soil stabilization improves the workability and the durability of the soil. The objectives of this study are i) to determine the properties of soils and agricultural waste materials, ii) to investigate and analyses the influence of agricultural waste on soil shear strength properties.
Materials and Methods

Materials
There are three soil samples were used in this study. Two samples (Soil A and Soil B) were collected at Universiti Putra Malaysia (UPM), Serdang, Selangor area and another sample (Soil C) was taken from Klang, Selangor area. These samples were collected based on the surrounding and the land use. Disturbed sample was used in this study and those sample were collected by using shovel and keep it in plastic for avoiding losses of moisture content. All three samples are being air-dried before mixing with agricultural waste fibers ( Figure 2 ) in order to study the influence of fibers in soil. 
Methods
The reinforced soil specimens were prepared manually by mixing the dry soil, water and fibers. During the mixing process, the required amount of water was added to the soil prior to adding the fibers. Fibers were mixed manually with the wet soil at small increments. Particular care was taken to achieve satisfactory uniform mixtures. Soil sample with mix proportion of 0% and 1% of fibers by weight was prepared by referring to the previous study [6] [7] [8] . Then a few tests were conducted to obtain the properties of each waste-soil mixtures such as physical properties tests, chemical properties tests, structural and morphological tests and mechanical tests. Direct Shear Box test is used to determine the shear strength parameters of all soil samples used in this study with and without mixing fiber under undrained condition. All tests basically conducted accordance to [9] .
Results and Discussion
Physical properties
Coir-stabilized lateritic soils, the maximum dry density of the soil decreases with the addition of coir and the value for optimum moisture content of the soil increases with an increase in percentage of coir [10] . With increasing the water content to the fiber reinforced, value of cohesion and suction decreased. Water plays an important role in lubricating layer on the interface of fiber and soil [1] . The increase of water content may also weaken the interfacial mechanical interactions between fiber and soil matrix and fiber will not capable to bear the tensile load. Thus, the increase of water content can induce a decrease of interfacial friction and cohesion. Soil A has liquid limit of 47.6%, plastic limit of 36.84% and plasticity index of 11%. The plots of plasticity index against liquid limit on the plasticity chart in Figure 3 showed Atterberg limits plot under "A" and it is in the zone of inorganic silts and very fine sand, clayey silts with slight plasticity. The soil is very firm and dry in place. For Soil B, grain size distribution shows it is clayey sands, sand-clay mixtures with 12.6% silt and clay, 66.8% sand and 20.6% gravel compositions. According to Unified Soil Classification System (USCS), this type of soil is medium in dry strength. Based on Figure 3 , Soil B is in the zone of inorganic silts having liquid limit of 61%, plasticity index of 27% and very low percentage of organic content with the value of 4.8%. Mainly, consistency limits depends on the type and amount of clay fraction [11] . Soil C is readily identified by the color and odor that it is peat soil. Soil C is black in color and contains high organic matter content. The percentage of organic content showed that this soil has higher amount of organic matter which is 84%. Peat normally formed from decomposed vegetation and well known for having difficulty on constructing road. Soil C is very high in moisture content that will lead to stability problem. 
Chemical properties
The chemical compound in 1 gram of each type of soils and fibers are tested by using XRF equipment. The value of aluminium (Al 2 O 3 ) in soil A is 30% and 11% of iron (Fe 2 O 3 ). It is also contains large amount of silica (SiO 2 ). For soil B, it showed that the highest element in this soil is silica about 46% and aluminium 24%. Based on grain analysis, soil A has a high percentage of sand with silt and clay. Soil C contains 7% of silica and 2% of aluminium, which is very small amount compared to soil A and B. However, soil C showed a high organic content among others. For fiber, both coir and palm oil fibre consists of aluminium, silica and calcium oxide compound. Coir fiber seems to have greater amount of silica about 45% compared to palm oil which having 7% silica.
Morphological and mineralogical properties
The mineralogical properties for each sample were determined by using X-ray diffractometer (XRD) equipment. Soil A contained kaolinite, gibbsite and quartz, Soil B contained quartz and muscovite and Soil C contained quartz and calcium strontium. The SEM images of the structure and morphology of the different samples are presented in Figure 4 . These show the rough surface morphologies of the ground specimens. The SEM provided micrographs that show up bond formation, surface texture, mineral structure and geometry of the specimens. For laterite, it can be seen that the soil particles is attached to each other and rounded in shape. Flaky arrangements of clay can be seen as matrix between the fine grains. Soil is formed in stack of several layers in basic sheet units. These are generally flat and smaller in size, thus their surface areas per weight are large. From Figure 4 , sample of peat have shown that the surface have porous granules of organic material. SEM analysis examined the surface topology of untreated fibers were shown in Figure 5 . Coir fiber and palm oil fiber surface is covered with protrusions and with voided area left by detached protruded material. This porous surface morphology is useful for better mechanical interlocking of soil with the fiber. 
Shear strength properties
The soil's shear strength parameters in terms of the internal friction angle and the cohesion value are evaluated and compared for the unreinforced and reinforced conditions of the soil sample. Table 2 shows the value of cohesion and angle of friction for each unreinforced and reinforced soil samples. It can be clearly seen that the inclusion of fibres increased the friction angle of soil. Coir-soil mixtures values for friction angle increased about 10%, 36% and 43% for laterite, clay and peat, respectively. Findings show that coir fibre exhibits greater enhancements in the strength of soil by having higher coefficient of friction [12] . Coir retains much of its tensile strength when wet and it has low tenacity but the elongation is much higher [13] and as for palm fiber, a constant palm fiber length, with increase in fiber inclusion, the maximum and residual strengths were increased [14] . It is observed that the palm fibers act to interlock particles and group of particles in a unitary coherent matrix thus
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the strength properties of soil can be increased [15] . In terms of cohesion, addition of 1% of both fibers into soil samples decreased the cohesion value and caused the soils less cohesion. It is believed that this happens due to the fibers separating soil particles. Singh and Mittal [7] conducted an experiment on the subgrade soil added with different ratios of coconut coir and found out that there is considerable improvement in compressive strength in case of all the soils on account of treatment with coconut coir fibre. Values of unconfined compressive strength are increase as more percentage of soil is replaced with coir fibre. It is noted that the compressive strength of soil increases when treated with coir fibre up to 1%. It might be due to the increase in shear parameter. Fiber reinforcement benefit on the mechanical properties is governed by the interfacial friction and cohesion [16] . 
Conclusions
Throughout the study, the used of fibres to treat or stabilize subgrade soils has been recognized, discussed and analyzed. The study was focused on determining the properties for waste-soil mixtures and investigating the influence of agricultural waste materials into soils for the purpose of subgrade works. These objectives were determined by conducting various laboratory tests on soil specimens with 1% of coir fibre and palm oil fibre. It can be summarized and concluded as follow: i) The optimum moisture content (OMC) for each soils increased with the inclusion of fibres due to the higher absorption ability of fibres. The maximum dry density (MDD) decreased when 1% fibres mixed with soils due to the soil being heavy in weight compared to fibre and was replaced by the light of weight fibre, and ii) The cohesion and angle of friction decreased and increased respectively with the inclusion of both fibres for all soil samples. The cohesion decreased due to the fibres acting as a separator for soil particles and causing less cohesion.
In conclusion, the properties for all waste-soil mixtures were determined and it showed that both fibres influenced the properties of each soils in terms of strength.
